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Title : SURFACE STRUCTURED LIGHT-EMITTING DIODE WITH IMPROVED 
CURRENT COUPLING 
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PRELIMINARY AMENDMENT 
Prior to examination, please amend the application as follows: 



In the claims : 

Amend claims 4-9 as follows: 

-4. (Amended) The Ught-emitting diode (100) as described in claim 1, 
characterized in that 

said second electrical contact layer (5) is realized as continuous.- 



~5 . (Amended) The light-emitting diode (1 00) as described in claim 1 , 
characterized in that 

said second electrical contact layer (50) is discontinuous and is interconnected by a 
layer of transparent, light-conducting material.- 

~6. (Amended) The light-emittmg diode (1 00) as described in claim 1 , 
characterized in that 
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said second electrical contact layer (50) is arranged on structured and/or unstructured 
portions of said current-spreading layer.— 



-7. (Amended) The light-emitting diode (1 00) as described in claim 1 , 
characterized in that 

the vertical structuring (40) is in the form of preferably regularly arranged n-sided 
(n > 3) pyramids, frusta of pyramids, cones or frusta of cones.-- 

-8. (Amended) A method for fabricating a Ught-emitting diode (100) as described in 
claim 1, 

characterized in that 

a Ught-generating layer (20) and thereafter a relatively thick and transparent current- 
spreading layer (30) are deposited on a substrate (10) and the back of said substrate is provided with 
a first electrical contact layer, 

vertical structurmg (40) to improve the decoupling of light is produced in the surface 
of said current-spreading layer, 

a second electrical contact layer (50) having the desired lateral structure is deposited 
on the structured top surface of said current-spreading layer (30).- 

-9. (Amended) The method for fabricating a light-emitting diode (100) as described in 

claim 1, 

characterized in that 

a light-generating layer (20) and thereafter a relatively thick and transparent current- 
spreading layer (30) are deposited on a substrate (10) and the back of said substrate is provided with 
a first electrical contact layer, 

a second electrical contact layer (50) having the desired lateral structure is deposited 
on the top surface of said current-spreading layer (30), and 
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vertical structuring (40) to improve the decoupling of light is produced in the top 
surface of said current-spreading layer (30) outside the areas of said second electrical contact 
layer.— 
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REMARKS 



All amendments have been made to remove multiple dependency while conserving the 
claimed subject matter. No new matter has been introduced. 

Attached is a marked-up version of the changes being made by the current amendment. 

Claims 1-9 are now pending. Applicant submits that all of the claims are now in 
condition for examination, which action is requested. Please apply any charges or credits to 
Deposit Account No. 06-1050. 



Fish & Richardson P.C. 

225 Franklin Street 

Boston, Massachusetts 02110-2804 

Telephone: (617)542-5070 

Facsimile: (617)542-8906 



Respectfully submitted, 





WilliamE. Booth 
Reg. No. 28,933 
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Version with markings to show changes made 

In the claims: 

Claims 4-9 have been amended as follows: 

4. (Amended) The light-emitting diode (1 00) as described in [any of the preceding 
claims] claim L 

characterized in that 

said second electrical contact layer (5) is realized as continuous. 

5. (Amended) The light-emitting diode (100) as described in [any of the preceding 
claims] claim h 

characterized in that 

said second electrical contact layer (50) is discontinuous and is interconnected by a 
layer of transparent, light-conducting material. 

6. (Amended) The light-emitting diode (100) as described in [any of the preceding 
claims] claim L 

characterized in that 

said second electrical contact layer (50) is arranged on structured and/or unstructured 
portions of said current-spreading layer. 

7. (Amended) The light-emitting diode (100) as described in [any of the preceding 
claims] claim L 

characterized in that 

the vertical structuring (40) is in the form of preferably regularly arranged n-sided 
(n > 3) pyramids, frusta of pyramids, cones or finsta of cones. 
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8. (Amended) A method for fabricating a light-emitting diode (100) as described in 
[any of the preceding claims] claim L 

characterized in that 

a light-generating layer (20) and thereafter a relatively thick and transparent current- 
spreading layer (30) are deposited on a substrate (10) and the back of said substrate is provided with 
a first electrical contact layer, 

vertical structuring (40) to improve the decoupling of light is produced in the surface 
of said current-spreading layer, 

a second electrical contact layer (50) having the desired lateral structure is deposited 
on the structured top surface of said current-spreading layer (30). 

9. (Amended) The method for fabricating a Ught-emitting diode (1 00) as described in 
[any of claims 1 to 8] claim 1, 

characterized in that 

a light-generating layer (20) and thereafter a relatively thick and transparent current- 
spreading layer (30) are deposited on a substrate (10) and the back of said substrate is provided with 
a first electrical contact layer, 

a second electrical contact layer (50) having the desired lateral structure is deposited 
on the top surface of said current-spreading layer (30), and 

vertical structuring (40) to improve the decoupling of light is produced in the top 
surface of said current-spreading layer (30) outside the areas of said second electrical contact layer. 
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Description 

Structured-surface light-emitting diode with improved current coupling 

The invention concems a light-emitting diode as set forth in the preamble of Claim 1 . In particular, 
the invention concems a structured-surface light-emitting diode in which, to improve the uniformity 
of current supply, an electrical contact layer has a lateral structure by means of which substantially 
uniform coupling of the electrical current into the light-emitting diode can be achieved. 

Light-emitting diodes, such as semiconductor Ught-emitting diodes (LEDs), are distinguished in 
particular by the fact that, depending on the system of materials, the intemal conversion efficiency of 
input electrical energy into radiation energy can be very high, i.e., well above 80%. However, the 
effective decoupling of light from the semiconductor crystal is impaired by the large jump in 
refractive index between the semiconductor material (typically n = 3.5) and the surrounding resin 
casting material (typically n = 1 .5). Owing to the resultant small total angle of reflection, of about 26^, 
at the interface between the semiconductor and the resin casting material, only a fraction of the light 
generated can be decoupled. With the simple, cubic LED shape typically used in fabrication, a bundle 
of rays that is not emitted within the roughly 26**-wide decoupling cone remains trapped in the 
semiconductor crystal, since its angle with respect to the surface normals is not changed even by 
multiple reflection. As a result, sooner or later the bundle of rays is lost due to absorption, primarily 
in the area of the contact or the active region or in the substrate. Li the case of InGaAlP LEDs, in 
particular, the absorbing GaAs substrate is a special problem, in conventional LEDs of this kind, the 
rays emitted from the active region toward the surface of the LED and lying outside the decoupling 
cone are very likely to be lost in the substrate due to absorption. 
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The method most commonly used in practice to alleviate this problem is to deposit a thick layer of 
semiconductor on the top face of the LED. This makes it possible to obtain partial use of the lateral 
decoupling cones of the emitted limiinous radiation. 

In US App. 5,008,718 it is proposed, in an AlGalnP LED, to deposit an electrically conductive GaP 
layer that is transparent to the emitted luminous radiation on the active, light-emitting layers, 
primarily to bring about lateral spreading of the current injected through an electrical contact. The 
advantageous side effect of decreasing total internal reflection and the fact that lateral decoupling of 
the light beam is made possible by the action of the thick GaP layer have been pointed out elsewhere. 
In addition, it is proposed to remove the GaAs substrate, which is opaque to the emitted light beam, 
by etching and to replace at least one transparent layer of the substrate with a suitable material, such 
as GaP. 

The use of one or more thick and transparent layers in a light-emitting diode is also proposed in US 
App. 5,233,204. Various configurations for the arrangement and number of these transparent layers 
are described. These include disposing below the active, light-generating layer a layer realized in a 
funnel shape and tapering in the direction of the substrate (Fig. 10). 

The earliest computer simulations revealed that surface structuring of the topmost thick, transparent 
semiconductor layer resulted in improved light decoupling values. In particular, surface structuring 
comprising preferably regularly arranged n-sided prisms, pyramids or fiusta of pyramids, cylinders, 
cones, frusta of cones and the like led to a marked improvement in the decoupling of light. This is 
because the rays, which initially travel steeply upward, are reflected at the structured surfaces but 
travel at a lower angle upon each reflection, so that they ultimately are decoupled laterally from the 
side walls of the structured regions of the top surface. 
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Such structured-surface light-emitting diodes were initially fabricated by growing the 
light-generating semiconductor layers on a semiconductor substrate, followed by the upper thick, 
transparent semiconductor layer, and then depositing a central electrical contact surface on the top 
surface of the thick semiconductor layer. The top surface of the thick semiconductor layer was then 
structured by means of etching technology in the areas outside the central contact surface, after which 
the back of the substrate was thinned and provided with a back contact. This approach proved to be 
disadvantageous, however, since the thick semiconductor layer, the so-called window, is fragmented 
by the structuring, causing the current spreading to deteriorate. Thus, there is no adequate distribution 
of electrical current in the regions outside the central contact surface, and the improvement in light 
decoupling brought about by the structuring is therefore offset by the deficient cvirrent spread and the 
increase in overall luminous flux does not tum out as desired. 

It is, accordingly, an object of the present invention to provide a light-emitting diode with high 
effective decoupling of light, hi particular, it is an object of the present invention to simultaneously 
ensxire, in a light-emitting diode, good spatial distribution of the initiated electrical current and good 
decoupling of the optical light beam. 

This object is accomplished by means of the characterizing features of Claim 1 . 

As described therein, the present invention describes a light-emitting diode with a semiconductor 
layer structure including a substrate and at least one light-generating layer fomied on the substrate and 
one transparent current-spreading layer deposited on the light-generating layer, a first electrical 
contact layer on the back of the substrate, and a second electrical contact layer disposed on the 
current-spreading layer, the top sxnface of the current-spreading layer having vertical structuring to 
improve the decoupling of light, and the second electrical contact layer having a lateral structure by 
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means of which substantially imiform coupling of the electrical current into the current-spreading 
layer can be achieved. The current-spreading layer is preferably relatively thick, particularly within a 
range of between 5 and 80 im. 

The invention is therefore based on a combination of sxirface structuring of the semiconductor, which 
contributes to the decoupling of light, and an improved current-spreading layer, said function being 
performed by a second electrical contact layer shaped into, in the broadest sense, a metal contact grid. 
The term "grid" is to be understood here and in the following not only as a strictly periodic, closed 
grid, but also as individual contact fingers or another guide composed of metal webs and suitable for 
establishing contact. Such a grid overcomes the problems of current spreading in structured 
light-emitting diodes and allows the improved decoupling of light to exert its full effects. 

The vertical structuring of the top surface of the current-spreading layer can take any conceivable 
form. Feasible structures are, for example, n-sided prisms, pyramids or frusta of pyramids, cylinders, 
cones, frusta of cones and the like. 

In particular, the second electrical contact layer can comprise a central, in particular circular contact 
surface and, arranged about said central contact surface, a contact structure that is rotationally 
sjonmetrical with respect to the center point of the central contact surface and is composed of 
relatively narrow contact webs and/or contact points. The rotational symmetry of the contact structure 
can be a symmetry represented by a whole number and can, in particular, match the rotational 
symmetry of the light-emitting diode. The usual case is a rectangular or square light-emitting diode, 
with the contact structure exhibiting fourfold symmetry. 

The second electrical contact layer can be realized as either continuous or discontinuous; in the latter 
case, the discontinuous portions are interconnected by a layer of transparent, conductive material, for 
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example indium-tin oxide (ITO). 

The second electrical contact layer can be arranged on both structured and unstructured portions of 
the surface of the current-spreading layer. 

The invention is described in more detail hereinbelow with reference to exemplary embodiments 
associated with the drawings, wherein: 

Fig. 1 is a schematic, simplified cross-sectional representation of a light-emitting diode with 



its surface structured according to the invention, arranged in a reflector; 
Fig. 2 is a first exemplary embodiment of the. second, electrical contact layer in a plan view 



on the structured light exit surface of the light-emitting diode; 

Fig^^S^is a second exemplary embodiment for a second electrical contact layer in a plan view 
on the structured light exit surface; 

Fig. 4 is a third exemplary embodiment of a second electrical contact layer. 



Figure 1 shows an LED chip 100, as arranged in a reflector 200 of circular or parabolic cross section, 
so that the light rays emitted by the chip both are radiated on a direct path and are collected by the 
reflector 200 and emitted in substantially the same direction. The LED chip 100 is generally 
embedded in a resin casting material, so that an interface between the semiconductor material and the 
resin casting material exists in particular on the surface of the chip through which the light exits. A 
relatively large jump in refi-active index is present at this interface, so that total reflection occurs even 
at relatively low angles of incidence to the normal. Insofar as possible, these totally reflected rays are 
to be decoupled through the side walls of the LED chip 100 and collected by the reflector 200, instead 




of being absorbed in the substrate of the LED chip 100. 

A light-emitting diode according to the invention has a semiconductor layer structure comprising a 
Ught-absorbing or transparent substrate 10 and at least one light-generating layer 20 formed on the 
substrate 10. The light-generating layer 20 is formed by a pn junction. If desired, a single or multiple 
quantum trough structure can be provided as the light-generating layer 20. Grown epitaxially on top 
of the light-generating layer 20 is a relatively thick, transparent semiconductor layer, the so-called 
current-spreading layer 30. A first electrical contact layer is deposited on the back of the substrate, 
covering its entire area, while a second electrical contact layer 50 is deposited on a portion of the 
current-spreading layer 30. The top surface of current-spreading layer 30 has structuring 40 designed 
to improve the decoupling of light, hi the cross-sectional view of Fig. 1, this structuring 40 is depicted 
as a plurality of pyramids. These pyramids can have n > 3 sides, a cone being formed by the pyramids 
in the limiting case n = oo. The apex can also be cut from the resulting structure, resulting in a frustum 
of a pyramid or cone. On the surface of the current-spreading layer 30 provided with the structuring 
40, a second electrical contact layer 50 is deposited in such a way as to achieve the most uniform 
possible current coupling. To this end, the second electrical contact layer 50 is deposited with a 
grid-shaped structure. Exemplary embodiments of the shape of the second electrical contact layer are 
illustrated in Figs. 2 to 4. 

Shown in each of Figs. 2 to 4 is a square-shaped light-emitting diode in a plan view on its light exit 
side, i.e., on the surface of the current-spreading layer 30 provided with the second electrical contact 
layer 50. In the exemplary embodiment of Fig. 2, the structuring 40 comprises a plurality of 
four-sided pyramids or frusta of pyramids arranged in a matrix shape. The second electrical contact 



layer 50 can generally be deposited on the unstructured areas of the surface of the current-spreading 
layer 30, i.e., at the bases of the pyramids. Alternatively, however, it can be deposited dkectly on the 
structuring 40. The second electrical contact layer 50 is preferably composed of a bonding alloy, such 
as Au:Zn or Au:Ge or the like. The exemplary embodiments of Figs. 2 to 4 show feasible shapes for 
the structure of the second electrical contact layer 50, which are composed of a central, in particular 
circular or square contact surface 51, and, arranged about said central contact surface 51, a grid 
structure that is rotationally symmetrical with respect to the center point of central contact surface 5 1 
and is composed of relatively narrow contact webs 52, 53 and/or contact points 54. To obtain the 
most uniform possible coupling of electrical current, the grid structure of the second electrical contact 
layer 50 has exactly the same rotational symmetry as the light-emitting diode itself Consequently, if 
the light-emitting diode is square-shaped as in the exemplary embodiments, thus having fourfold 
symmetry, then the grid structure of the second electrical contact layer 50 is also configured with 
fourfold rotational symmetry about the center point of central contact surface 51 . 

The design of the contact layer 50 depicted in Fig. 2 has proven especially advantageous, hi this 
exemplary embodiment, contact layer 50 has an outer and an inner circxmxferential contact web 52. 
The outer circxmiferential contact web 52 extends along the edge of substrate 10. The inner 
circumferential contact web 52 is arranged between the central contact surface 51 and the outer 
circumferential contact web 52. The outer circumferential contact web 52 and the inner 
circumferential contact web 52 are connected to each other and to central contact surface 51 via 
radially extending contact webs 53. Such a structure has proven especially advantageous for uniform 
current distribution in LED chips 100 of square cross section, because this design for the electrical 
contact layer 50 combines geometrical simplicity with uniform current distribution. 
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It is particularly advantageous in this case if the inner circumferential contact web 52 is disposed 
centrally between the outer circumferential contact web 52 and central contact surface 51, and if the 
radial contact webs 53 extend along the medians of the edges of light-generating layer 20. 

The grid structure of second electrical contact layer 50 can be realized as a continuoiis structure, as in 
the exemplary embodiments of Figs. 2 and 3, However, it can also be provided that the structure not 
be continuous. Such an exemplary embodiment is depicted in Fig. 4. Here, the grid structure 
comprises a circular central contact surface 51, surrounded in fourfold symmetry by circular contact 
points 54 that are not directly connected to central contact surface 51. To establish electrical contact 
between the unconnected portions of second electrical contact layer 50 in such exemplary 
embodiments as well, once contact surfaces 51 and 54 have been alloyed in, an additional thin, 
transparent, electrically conductive layer, for example of indium-tin oxide (ITO), is deposited on the 
structure. However, the grid structure of the second electrical contact layer 50 can also assume 
another form, for example a meander structure or the like. 

The light-emitting diode according to the invention can be fabricated in various ways. Since the 
second electrical contact layer 50 theoretically can be deposited on the structuring 40, the simplest 
fabrication method is first to structure the top siuface of the current-spreading layer 30 using the 
feasibilities described, and then to vapor-deposit the second electrical contact layer 50 through a 
shadow mask having an aperture area in the shape of the desired structure, or to use a sputter process 
for this purpose. Alternatively, the second electrical contact layer 50 can £ilso first be deposited to 
cover the entire area by the aforesaid processes and then structured via a lithography and etching step 
or by the lift-off technique. In a second fabrication variant, the second electrical contact layer 50, with 
the desired lateral structure, is deposited on the still-xmstructured surface of the current-spreading 



layer 30 via one of the aforesaid manufacturing processes and the vertical structuring of the top 
surface of current-spreading layer 30 is then performed, care being taken to avoid damaging the 
second electrical contact layer 50. 
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Claims 

1. A light-emitting diode (100), comprising 

- a semiconductor layer structure including a substrate (10) and at least one light-generating layer 
(20) formed on said substrate (10) and one transparent current-spreading layer (30) deposited on 
said light-generating layer (20), 

- a first electrical contact layer on the back of said substrate, and 

- a second electrical contact layer (50) disposed on said current-spreading layer (30), 
characterized in that 

- the top surface of said current-spreading layer (30) has vertical structuring (40) to improve the 
decoupling of light, and 

- said second electrical contact layer (50) has a lateral structure by means of which substantially 
uniform coupling of the electrical current into said current-spreading layer (30) can be achieved. 

2. The light-emitting diode (100) as described in claim 1, 
characterized in that 

- said second electrical contact layer (50) is a central, in particular circular or square contact surface 
(51) and, arranged about said central contact surface (51), a contact structure (52; 53; 54) that is 
rotationally symmetrical with respect to the center point of said central contact surface (51) and is 
composed of relatively narrow contact webs (52; 53) and/or contact points (54). 
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3. The light-emitting diode (100) as described in claim 2, 
characterized in that 

- the rotational symmetry is a symmetry represented by a whole number and in particular matches 
the rotational symmetry of the light-emitting diode. 

4. The light-emitting diode (100) as described in any of the preceding claims, 
characterized in that 

- said second electrical contact layer (5) is realized as continuous. 

5. The light-emitting diode (100) as described in any of the preceding claims, 
characterized in that 

- said second electrical contact layer (50) is discontinuous and is interconnected by a layer of 
transparent, light-conducting material. 

6. The light-emitting diode (100) as described in any of the preceding claims, 
characterized in that 

- said second electrical contact layer (50) is arranged on structured and/or unstructured portions of 
said current-spreading layer. 

7. The light-emitting diode (100) as described in any of the preceding claims, 
characterized in that 



12 

- the vertical structuring (40) is in the form of preferably regularly arranged n-sided (n > 3) pyramids, 
frusta of pyramids, cones or frusta of cones. 

8. A method for fabricating a light-emitting diode (100) as described in any of the preceding claims, 
characterized in that 

- a light-generating layer (20) and thereafter a relatively thick and transparent current-spreading 
layer (30) are deposited on a substrate (10) and the back of said substrate is provided with a first 
electrical contact layer, 

- vertical structuring (40) to improve the decoupling of light is produced in the surface of said 
current-spreading layer, 

- a second electrical contact layer (50) having the desired lateral structure is deposited on the 
structured top surface of said current-spreading layer (30). 

9. The method for fabricating a light-emitting diode (100) as described in any of claims 1 to 8, 
characterized in that 

- a light-generating layer (20) and thereafter a relatively thick and transparent current-spreading 
layer (30) are deposited on a substrate (10) and the back of said substrate is provided with a first 
electrical contact layer, 

- a second electrical contact layer (50) having the desired lateral structure is deposited on the top 
surface of said current-spreading layer (30), and 

- vertical structuring (40) to improve the decoupling of light is produced in the top surface of said 
current-spreading layer (30) outside the areas of said second electrical contact layer. 



Abstract 

Structured-surface light-emitting diode with improved current coupling 

In a light-emitting diode (100) having a light-generating layer (20) and a relatively thick, transparent 
current-spreading layer (30), vertical structuring of the top surface of the current-spreading layer (30) 
serves to improve the decoupling of light, while at the same time, a second electrical contact layer (50) 
with a distributed, lateral structure operates to achieve substantially uniform coupling of electrical 
current into the current-spreading layer (30). 

FIG. 2 




4/4 

FIG 4 




54 51 40 




50 



1 V 




'u:^ ■sj*"*''::^ 4..^^ ..v J jk,:.. 

Attorney's Docket No.: 1 2406-022US 1 
Client's Ref. No.: 1999P4773USN 

COMBINED DECLARATION AND POWER OF ATTORNEY 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name. 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and 
joint inventor (if plural names are listed below) of the subject matter which is claimed and for which a patent is 
sought on the invention entitled SURFACE STRUCTURED LIGHT-EMITTING DIODE WITH IMPROVED 
CURRENT COUPLING , the specification of which: 

[ ] is attached hereto. 

[X] was filed on March 25, 2002 as Application Serial No. 10/089.017 . 

[X] was described and claimed in PCT International Application No. PCT/DE00/0Q3291 filed on 
September 2 1.2000. 

I hereby state that I have reviewed and understand the contents of the above-identified specification, 
including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose all information I know to be material to patentability in accordance with 
Title 37, Code of Federal Regulations, §1.56. 

I hereby claim the benefit under Title 35, United States Code, §1 19(e)(1) of any United States provisional 
application(s) listed below: 

U.S. Serial No, Filing Date Status 



I hereby claim the benefit under Title 35, United States Code, §120 of any United States application(s) 
listed below and, insofar as the subject matter of each of the claims of this application is not disclosed in the prior 
United States application in the manner provided by the first paragraph of Title 35, United States Code, § 1 12, 1 
acknowledge the duty to disclose all information I know to be material to patentability as defined in Title 37, Code 
of Federal Regulations, § 1.56(a) which became available between the filing date of the prior application and the 
national or PCT international filing date of this application: 

U.S. Serial No, Filing Date Status 



I hereby claim foreign priority benefits under Title 35, United States Code, § 1 19 of any foreign 
application(s) for patent or inventor's certificate or of any PCT international application(s) designating at least one 
country other than the United States of America listed below and have also identified below any foreign application 
for patent or inventor's certificate or any PCT international application(s) designating at least one country other than 
the United States of America filed by me on the same subject matter having a filing date before that of the 
application(s) of which priority is claimed: 

Country Application No. Filing Date Priority Claimed 

Gemiany 199 47 030.8 September 30, 1999 [X] Yes [] No 

[] Yes [] No 



Attorney's Docket No.: 12406-022US1 
Client's Ref. No.: 1999P4773USN 



Combined Declaration and Power of Attorney 

Page 2 of 2 Pages 



I hereby appoint the following attorneys and/or agents to prosecute this application and to transact all 
business in the Patent and Trademark Office connected therewith: 



William E. Booth, Reg. No., 28,933 



Address all telephone calls to WILLIAM E. BOOTH at telephone number (617) 542-5070. 

Address all correspondence to WILLIAM E. BOOTH at: 

FISH & RICHARDSON P.C. 

225 Franklin Street 

Boston, Massachusetts 021 10-2804 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made 
on information and belief are believed to be true; and further that these statements were made with the knowledge 
that willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 
1001 of Title 18 of the United States Code and that such willful false statements may jeopardize the validity of die 
application or any patents issued thereon. 



Full Name of Inventor: 

Inventor's Signature: 
Residence Address: 



Citizenship: 

Post Office Address: 



RALPH WIRTH 



Auguststtasse 13 
93049 Regensburg 
Germany 
Germany 
Same as above 



Full Name of Inventor: KLAUS S 



Inventor's Signature: 
Residence Address: 



Citizenship: 

Post Office Address: 




Date: 



Erlenstrasse 7 
93164 Laaber 



Germany 
Germany 
Same as above 



3.1. o^ 




20446893 jdoc 



Attorney's Docket No.: 12406-022US1 
Client's Ref. No.: 1999P4773USN 



COMBINED DECLARATION AND POWER OF ATTORNEY 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name. 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and 
joint inventor (if plural names are listed below) of the subject matter which is claimed and for which a patent is 
sought on the invention entided SURFACE STRUCTURED LIGHT-EMITTING DIODE WITH IMPROVED 
CURRENT COUPLING , the specification of which: 

[ ] is attached hereto. 

[X] was filed on March 25. 2002 as Application Serial No. 10/089.017 . 

[X] was described and claimed in PCT International Application No. PCT/DEO0/0Q3291 filed on 
September 21. 2000. 

I hereby state that I have reviewed and understand the contents of the above-identified specification, 
including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose all information I know to be material to patentability in accordance with - 
Title 37, Code of Federal Regulations, §1.56. 

I hereby claim the benefit under Title 35, United States Code, § 1 19(e)(1) of any United States provisional 
application(s) listed below: 

U.S> Serial No, Filing Date status 



I hereby claim the benefit under Title 35, United States Code, § 120 of any United States application(s) 
listed below and, insofar as the subject matter of each of the claims of this application is not disclosed in the prior 
United States application in the manner provided by the first paragraph of Tide 35, United States Code, §1 12, I 
acknowledge the duty to disclose all informadon I know to be material to patentability as defined in Title 37, Code 
of Federal Regulations, §1.56(a) which became available between the filing date of the prior application and the 
national or PCT international filing date of this applicadon: 

U>S. Serial No. Filing Date Status 



I hereby claim foreign priority benefits under Title 35, United States Code, §119 of any foreign 
application(s) for patent or inventor's certificate or of any PCT international application(s) designating at least one 
country other than the United States of America listed below and have also identified below any foreign application 
for patent or inventor's certificate or any PCT intemadonal application(s) designating at least one country other than 
the United States of America filed by me on the same subject matter having a filing date before that of the 
application(s) of which priority is claimed: 



gountry Application No. Filing Date Priority Claimed 

Germany 199 47 030.8 September 30, 1999 [X] Yes [] No 

[] Yes [] No 



Attorney's Docket No.: 12406-022US1 
Client's Ref. No.: 1999P4773USN 



Combined Declaration and Power of Attorney 

Page 2 of 2 Pages 



I hereby appoint the following attorneys and/or agents to prosecute this application and to transact all 
business in the Patent and Trademark Office connected therewith: 

William E. Booth, Reg. No., 28,933 



Address all telephone calls to WILLIAM E. BOOTH at telephone number (617) 542-5070. 

Address all correspondence to WILLIAM E. BOOTH at: 

FISH,& RI CHARDSON P.C^ 

225 Franklin Street 

Boston, M assachusetts 02 11 0-2804 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made 
on informatioif and belief are believed to be true; and further that these statements were made with the knowledge 
that willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 
1001 of Title 18 of the United States Code and that such willful false statements may jeopardize the validity of the 
application or any patents issued thereon. 



Full Name of Inventor: RALPH WIRTH 



Inventor's Signature: 
Residence Address: 



Citizenship: 

Post Office Address: 



iguststrasse 13 



Angus tst 
93049 Regensburg >j f^^XL 
Germany - / 

Germany 
Same as above 



Date: 




Full Name of Inventor: KLAUS STREUBEL 



Inventor's Signature: 
Residence Address: 



Citizenship: 

Post Office Address: 



Date: 



Erlenstrasse 7 
93164 Laaber 
Germany 
Germany 
Same as above 



20446893 jdoc 



